Abstract-Two kinds of method (the Wittig and sulphone methods) to prepare 4-alkylidenebutenolides are described.
INTRODUCTION
Of ca. 600 naturally occurring carotenoids of known structure (ref. I), butenolide carotenoids, peridinin (1) , peridininol (2) , anhydroperidinin (2) , pyrrhoxanthin (4) , and pyrrhoxanthinol (5) are unusual C37-skeletal nor-carotenoids because of the presence of a 4-alkylidenebutenolide system (6) carrying an allene or an acetylene function in the main polyene chain. carotenoid of the planktonic algae causing "red tide", peridinin, was first isolated in 1890 (ref.
2) and its unique C group (refs. 3 , 4 ) . The stereo%&cure was determined in 1977 by the same group (refs. 5,6). 
6
On the other hand, from the point of carotenoid function, peridinin is known as an auxiliary light-harvesting pigment for photosynthesis. photosynthesis in the sea, total synthesis of peridinin has been a n important goal. synthesis of peridinin is difficult because of its complicated structure and instability. Therefore, total synthesis of peridinin presents an interesting challenge to synthetic chemists in the carotenoid field. In addition, a new C40-butenolide carotenoid, uriolide
(1) , was recently found in a prasinophyte (ref. 7).
Because of the importance of peridinin in The
SYNTHESIS OF 4-ALKYLIDENEBUTENOLIDES
Two procedures, a Wittig method (refs. 8,9,10) and a sulphone method (ref. I I ) , were developed to prepare the 4-alkylidenebutenolides (6) which display extended conjugation at the C-2 position. The numbering system used throughout this section is that for the butenolides and illustrated in 6.
i) Wittig method (Schemes 1 and 2)
Treatment of the retinoidal acid anhydride (8) with acetyl phosphorane (2) gave the ylidenebutenolide (10) which was converted into the retinoidal ylidenebutenolide (u) .
In this Wittig reaction, regioselectivity at the carbonyl groups of the acid anhydride (8) was not high. Attempts to extend the conjugation by use of compounds (10) or (11) were frustrated by the instability of the intermediates. In addition, the ketone group in (10) was unreactive towards the conjugated polyene ylide. However, by combination of two Wittig methods, E and z isomers of 4-alkylidenebutenolides having the common structure (2) were prepared. Consequently, we found an empirical rule that in compounds of this type, the NMR signal for H-3 in the 4z isomer was observed at 67.00 to 7.20, whereas the corresponding signal for the 67.40 (Table 1) .
part of the conjugated double bond chromophore.
isomer was found downfield below These values can be used to determine the stereochemistry of the ylidene Table 2) . In this reaction, addition of sulphone-anion to the aldehyde, cyclisation of the resulting hydroxy ester, and elimination of the sulphone group took place successively in one pot to give the expected products (18). 
SYNTHESIS OF C22-ALLENIC A N D C~Z -A C E T Y L E N I C SULPHONES
The known C1 ref. 13 ) to -?he allenic aldehyde (35, ref. 18 ) which possesses the required three chiral centres in the C Wittig condensation of the C1 5-allenic aldehyde (35) wig$ the C7-phosphonium salt (6) and deprotection of the product gave a mixture of two C 2-allenic aldehydes (37) 
SYNTHESIS OF OPTICALLY ACTIVE PERIDININ
The synthetic peridinin was a mixture of diastereoisomers from which optically active isomers could not be isolated by h.p. 1.c.. hydroxy-2,2,6-trimethylcyclohexanone (44, ref. 21 ) as starting material, the same pathway as described in the synthesis of the racemic peridinin was used for the synthesis of the optically active form. steps and the C allenic sulphone in an optically active form was prepared in 13 steps.
Condensation of2$he two components produced optically active peridinin (Scheme 9) whose spectral data (W-VIS, IR, NMR, and MS) were identical with those of the natural specimen. In addition, its circular dichroism (CD) spectrum ( Fig. 1) This is the first total synthesis of optically 
SYNTHESIS OF BUTENOLIDE RETINOIDS
The most attractive compound among the recently described retinoidal butenolides is manoalide (45, ref. 22 ) which inhibits phospholipase A2 and possesses topical antiinflammatory activity. efficient synthesis was described recently by Isoe et al.(ref. 2 3 ) . This provides a general synthetic method for y-hydroxybutenolides with various substituents, and employs photosensitized oxygenation of substituted a-trimethylsilylfuran, and chemoselective oxidation of a furan ring possessing tri-and tetra-substituted olefins in the side chain.
was applied to the total synthesis of manoalide (G) which was achieved by two groups (refs. 24,25) , by the approaches shown in Schemes 10 and 11.
Manoalide contains a B-substituted y-hydroxybutenolide moiety whose 
Cytotoxic activity of the
In addition,
